Claim 7 is amended herewith to conform the disorders listed therein to those of Claim 3 so 
Claim 7 should be allowable if Claim 3 is allowable. 

Claim 8 is canceled herewith as being redundant in view of the amendments to Claim 7. 

Claims 9 and 10 are canceled herewith to change the dependency from 8 to 7 in view of 
the cancellation of Claim 8. 

Claim 1 1 has been amended to include limitations of Claim 17 and to correct an error. 

Claim 17 has been amended to include the limitations of canceled Claim 6 and to change 
the dependency in view of cancellation of Claim 6. 

A version with markings to show changes made is attached. 

We turn now to the rejections. 

Claim 6 is rejected under 35 U.S.C. 1 12, first paragraph. Claim 6 is canceled herewith to 
reduce the issues. Reconsideration is requested. 

Claims 1 and 2 are rejected under 35 U.S.C. 102(a) as being anticipated by Gregory, et al 
WO 07/297,776. Claims 1 and 2 are canceled herewith to reduce the issues. Reconsideration is 
required. 

Claims 1-6 and 17 were rejected as being obvious over Gregory, et al. U.S. Patent No. 
6,172,096 in view of Talley U.S. Patent No. 5,643,933. The advisory action takes the position 
that Talley teaches COX-2 inhibitors are generally known for treating inflammatory disease and 
Gregory teaches that COX-2 inhibitors are known for treating liver disease and since chronic 
hepatitis involves inflammation of the liver, it would be obvious to use COX-2 inhibitors to treat 
chronic hepatitis. 
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Reconsideration of the obviousness rejection is requested in view of evidence presented 
before and new evidence presented herewith and the positions set forth below. 

Firstly, the indication in the Advisory Action that COX-2 inhibitors are generally known 
for treating inflammation needs to be qualified. 

COX-2 inhibitors have been shown to be harmful in a colitis model for inflammatory 
bowel disease and in the case of ulcers. See Reuter, B.K., et al, J. Clin. Invest. 98 No. 9, 2076- 
2085 (11/96) and Mizuno, H., et al, Gastroenterology 112, 387-397 (1997), copies submitted 
with the response of May 15, 2002. 

Moreover, the Arthritis Advisory Committee of the FDA concluded in 1982 that 
hepatotoxicity is a class characteristic of NSAIDs. See Zakin, D., et al, Hepatology A Textbook 
Liver Disease, Volume n, Third Edition, W.B. Saunders, Philadelphia (1996), pages 976 and 977, 
copy enclosed with the response filed 1/7/02. It is submitted that the Seibert abstract relied on by 
the PTO to rebut the position that one skilled in the art would apply that conclusion to COX-2 
inhibitors, has been overcome by the positions in the response of 5/15/02. 

Furthermore, prostaglandins, compounds produced by action of cyclooxygenase-2, have 
long been known (at least since 1993) to protect against LPS-induced liver injury by 
downregulating the production of inflammatory cytokines. See Mokuno, Y., et al, Hepatology 
30, 1464- 1472 (1999), copy enclosed. This indicates administration of a COX-2 inhibitor would 
deprive a patient of liver protecting prostaglandin. 

Thus, the general utility of COX-2 inhibitors to treat inflammatory diseases would be 
considered to have many exceptions including the treatment of inflammatory liver diseases. 
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The Advisory Action of 5/29/02 implies that Gregory teaches use of COX-2 inhibitors to 
treat liver disease. It is submitted that this is overgeneralization. Gregory teaches use of COX-2 
inhibitors only for use for treating two liver conditions, namely liver transplant rejection and 
primary biliary cirrhosis (a disease of unknown cause which may possibly be an autoimmune 
disorder). 

It is submitted that Gregory is suspect even as a teaching for the two liver conditions it 
mentions. It contains no data in respect to either of these conditions and is indicated to be wrong 
in respect to application of COX-2 inhibitors to inflammatory bowel disease (column 5, line 63) 
by Reuter et al discussed above. 

Even if Gregory is given credit for a teaching that would be accepted by one skilled in the 
art, as teaching the usefulness of COX-2 inhibitors to treat or prevent liver transplant rejection 
and to treat primary biliary cirrhosis, it cannot be taken as refuting the 1982 conclusion of the 
Arthritis Advisory Committee that suggests that COX-2 inhibitors are contraindicated in the case 
of liver diseases. The 1982 conclusion is still in effect. Medical doctors still do not prescribe 
COX-2 inhibitors in the case of liver disorders. The 2001 PDR indicates that COX-2 inhibitors 
should not be utilized in the case of liver disorders. See copies of pages 205 1 and 2484 of the 
2001 PDR, copy of relevant portions attached. Thus, Gregory has not been accorded the weight 
attributed to it in the office action, by those skilled in the art even though WO 97/29776, applied 
in the office action, was published in 1997. 

The advisory action seems to take the position that all inflammatory liver disorders 
including transplant rejection and primary biliary cirrhosis (Gregory) and hepatitis (the claims) are 
analogous for treatment purposes. However, no evidence has been submitted showing this. 
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Moreover, there is contrary evidence as of May/June 1997. In this regard, see Anderson, F. H., et 
al, Can. J. Gastroenterol. 11, No. 4, 294-297 (May/June 1997), copy enclosed, which presents 
data that the NSAID ketoprofen in use in a combination of ketoprofen and interferon does not 
improve interferon-resistant hepatitis C. Moreover, this finding is confirmed by Zanski, J.-P, et al, 
Hepatology 27, 862-867 (1998), copy enclosed, which presents data showing the NSAID 
tenoxicam is unable to increase response rate in patients with chronic hepatitis C treated by alpha 
interferon. 

Thus, evidence suggests there is no analogy between the inflammatory liver disorders 
disclosed in Gregory and the inflammatory liver disorders as claimed, so far as treatment is 
concerned, even if Gregory is given credit for one skilled in the art accepting that it teaches useful 
treatment of liver transplant rejection and primary biliary cirrhosis (which applicant contends 
should not be the case). 

Allowance is requested. 



Respectfully submitted, 



JONES, TULLAR & COOPER, P C. 




Eric S. Spector 
Reg. No. 22,495 



JONES, TULLAR & COOPER, P C. 
P.O. Box 2266 Eads Station 
Arlington, Virginia 22202 
703-415-1500 



Case CRF D-2165 



June 5, 2002 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



IN THE CLAIMS 

Claims 1, 2, 6 and 8 are canceled. 
Claim 7 is amended as follows: 

7. (Amended) A method of treating a patient with a virus-caused liver disease selected 
from the group consisting of chronic viral hepatitis B and chronic viral hepatitis C comprising 
administering to said patient a cyclooxygenase-2 inhibiting amount of selective inhibitor of 
cyclooxygenase-2 and therapeutic amount(s) of anti-viral drug(s). 

Claim 9 is amended as follows: 

9. (Amended) The method of Claim 7[8], wherein the selective inhibitor of 
cyclooxygenase-2 is 4-[5-(4-chlorophenyl)-3-(trifluoromethyl)-lH-pyrazol-l- 
yljbenzenesulfonamide. 

Claim 10 is amended as follows: 

10. (Amended) The method of Claim 7 [8] wherein the selective inhibitor of 
cyclooxygenase-2 is 4-[5-(4-methylphenyl)-3-(trifluoromethyl)-lH-pyrazol-l- 
yljbenzenesulfonamide. 

Claim 1 1 is amended as follows: 

11. (Amended) The method of Claim 7 [8] wherein the selective inhibitor of 
cyclooxygenase-2 directly inhibits the enzyme cyclooxygenase-2 and also inhibits the synthesis of 
cyclooxygenase-2 protein and contains phenyl group with two or more substituents selected from 
the group consisting of hydroxy and C x r alkoxv on the phenyl group . 



Claim 17 is amended as follows: 

17. (Amended) The method of Claim 3 [6] wherein the selective inhibitor of 
cyclooxygenase-2 directly inhibits the enzyme cvclooxygenase-2 and also inhibits the synthesis of 
cvclooxygenase-2 protein and contains phenyl group with two or more substituents selected from 
the group consisting of hydroxy and C M -alkoxy on the phenyl group. 



Prostaglandin E x Protects Against Liver Injury Induced 
by Escherichia coli Infection via a Dominant Th2-Like 
Response of Liver T Cells in Mice 

YASUjl MOKUNO, 1 - 2 MANABU TAKANO, 1 - 2 TETSUYA MaTSUGUCHI, 1 H1TOSH1 NlSHlMURA, 1 
JUNjI WASHIZU, 1 - 2 YOSHIKAZU NAIK1, 1 YUjl NlMURA, 2 AND YASUNOBU YOSHlKAl 



^ , a ■ v CP ries (PGEs) are known to protect tumor necrosis factor a (TNF-a), the cross-linking of Fc 

the il - ig ^ « known "° inhibit activatio ^ of nucl r f f or 

d 1 r H rfn after^ coh challenge Furthermore, prostaglan- retarded degradation of inhibitory factor kB, whereas they 

St?Sd£d^r(roE^f«d the Thl/Th2 balance stimulate activating transcription factor/cAMP response ele- 

SSSn cells in the liver to a dominant ment (ATF/CRE) site-mediated gene transcnpnon.' The 

Th2-like response Neutralization of endogenous IL-4 by production of some cytokines, the genes of which comarn a 

SSSSTrf mtt-IW monoclonal antibody (mAb) nuc l e ar factor kB site in the 5' regulatory region, such as 

diSSed the inhiW ory effect of prostaglandin E, on liver TNF-a and 1L-12, is inhibited by cAMP elevating agents, 

t?Z after E coli chalknge. These results suggested that whereas the expression of cytokine genes containing an 

IhtThl like response of liver T cells may be at least partly activating transcription factor/cAMP response _element-l-like 

* « i \ frinion^in P. lim- 



ine lnx-iiAc iw^u"^ - ' j, - 

involved in the mechanism whereby prostaglandin Et pro- 
tects against E. coli-induced liver injury. (Hepatology 1999; 
30:1464-1472.) 

Prostaglandins, oxygenated polyunsaturated fatty acids 
containing a cyclopentane ring jmicture, are produced by the 
.. r .l:*. .^sv^,'»- hK^-amasp' foh arachidomc acid 



site but not a nuclear factor kB site in the 5' regulatory region, 
such as IL-10, is up-regulated by the cAMP-dependent _ 
pathway. 1214 It has been shown that PGEs increase LPS- - 
induced IL-10 production by peritoneal macrophages" and 
inhibit IL-12 production in an lL-10-independent manner. 
Furthermore, PGEs, as well as other agents that increase 



containing a cyclopentane ring structure, are proouceu uy u.c rurtnermore, rue, « ~ , ° ~r „ 1 „ n A 

^^^Jmmmmmwm<^o^ ^id cAMP, profoundly decrease the produc ion of IL-2 and 
fS^fEk^phosphdiip.cls' Macrophages.fol- interferon gamma by the Thl subset 1 -" These finings 



liberated from membrane phospholipids. 1 Macrophages, tol 
licular dendritic cells, and fibroblasts synthesize prostaglan- 
din E series (PGEs) as major products of arachidomc acid 
metabolism.' 2 - 4 PGEs can be induced by a plethora of mem- 
brane-perturbing stimuli, including interleukin 1 (IL-U, 



Abbreviations: PGEs. prostaglandin E series: IL-1. interleukm 1; TNF-a, tumor 
necrosis factor «: LPS. lipopolysaccharide: cAMP. cyclicO'. 5 adenos.ne rnonophos- 
pha.e- NK natural killer: TCR. T-cell receptor: mAb. monoclonal antibody PBS. 
phosphate-buffcred saline: PGE, prostaglandm E r a-cyclodextnn: PGE, prostag landm 
k,-a -cyclode.xtrin: o-CD. ccyclodex.rm: lg. ,mmunoglobuHn: IP. mtraperuoneal: ALT. 
alanine aminotransaminase: ELI5A. enzvme-l.nked immunosorb.n, assay: CD3 
intermediate intensity of CD3: PCR. polymerase chain reacuon: mRNA. messenger 
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interferon'gamma by the Thl subset. 1 - 16 These findings 
suggest that PGEs can be used as anti-inflammatory agents m 
patients with excessive inflammatory responses. 

The incidence of infection with Gram-negative bacteria 
such as Escherichia coli has increased in recent years among 
patients undergoing abdominal surgery. These infections 
frequently result in liver injury and fatal shock, which are 
caused by endotoxin/LPS derived from Gram-negative bacte- 
ria. Several cytokines are involved in LPS-induced liver 
injury. Massive TNF-a release from macrophages plays a 
central role in LPS-induced liver injury. 17 - 19 lL-li also plays 
an important role in LPS-induced liver injury via sumulation 
of natural killer (NK) cells to produce interferon gamma, 
which potentiates the TNF-ct-induced, Fas/Fas hgano> 
mediated and perforin-mediated apoptosis in hepatocytes. 
The liver contains unique T cells expressing intermediate 
intensity of T cell receptor and IL-2RB, which are now known 
to correspond to NK T cells in regard to their restricted TCR 
ctfi repertoire and restriction of major histocompatibility 
complex (MHO class I-like Ag. 2 " 6 NK T cells in the liver 
have recently been found to be an essential target of IL-12 tor 
NK-like effector mechanisms such as interferon gamma 
production and cytotoxicity. 23 ' 23 Therefore, it is possible that 
NK T cells in the liver may contribute to LPS-induced liver 
damage via NK-like effector mechanisms. 
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We previously reported that prostajAkiin E 2 -a-cyclodex- 
trih (PGE 2 ) protects against liver injuiPRer E. coli infection 
^ although it hampers the resolution of die infection in mice. 27 
In the present study, we focused on the effect of prostaglandin 
E r a-cyclodextrin (PGEO on liver T cells in protection 
against liver injury induced by E. coli infection. Our results 
showed that PGE! administration shifted the Thl/Th2 bal- 
ance of liver T cells to a Th2-like response and that 
neutralization of endogenous 1L-4 by anti-IL-4 monoclonal 
antibody (mAb) exaggerated the E. coli-induced liver dam- 
age. The implications of these findings for the mechanisms 
whereby PGE L protects against liver injury induced by E. coli 
infection are discussed. 

MATERIALS AND METHODS 

Animals and Microorganisms. C3H/HeN mice were purchased from 
Japan SLC (Shizuoka, Japan). These mice were bred in our institute 
under specific pathogen-free conditions. Eight- to 10-week-old 
female mice were used for the experiments. All experiments were 
done along the criteria outline in the Guide for the Care and Use of 
Laboratory Animals prepared by the National Academy of Science. 
E coli (American Type Culture Collection No. 26; Manassas, VA) 
grown in brain-heart infusion broth (Difco Laboratories, Detroit, 
MI) was washed repeatedly resuspended in phosphate-buffered 
saline (PBS), and stored at -70°C in small aliquots until use. The 
concentration of bacteria was quantitated by plate counts. 

Abs and Reagents, Biotin-conjugated anti-CD3e mAb, fluorescein 
isothiocyanate-conjugated anti-TCR ap mAb, purified rat anti- 
mouse IL-2RP mAb, and phycoerythrin-conjugated anti-rat immu- 
noglobulin G (IgG) mAb were purchased from PharMingen (San 
Diego, CA). Red-613-conjugated streptavidin was purchased from 
Life Technologies (Gaithersburg, MD). PGEi and ct-cyclodextrin 
(a-CD) were provided by Ono Chemical (Osaka, Japan). ?GEi 
includes 2.88% prostaglandin E x . Anti-mouse CD3e mAbs (135- 
2C11), anti-mouse IL-4 mAb (rat IgGl, 11B11), anti-mouse IL-10 
mAb (SXC-1), and isotype control rat IgM mAb (WFL4F12.3) were 
obtained by growing hybridoma cells in a serum-free medium 
(medium 101; Nissui Pharmaceutical, Tokyo, Japan) and collecting 
the supernatant. Abs were then concentrated and purified by 50% 
ammonium sulfate precipitation. The purity of the preparation was 
confirmed by sodium dodecyl sulfate-polyacrylamide gel electropho- 
resis, and the concentration of Ab was determined by the Lowry 
method. The mAbs, diluted to 1 mg/mL in PBS, were stored at 
-70°C until use. Isotype control rat IgGl Ab was obtained from 
Inter-Cell Technologies (Hopewell, NJ). 

Treatment of Mice. Mice were injected with PGE! or with the same 
dose of a-CD (as the control) dissolved in 0.5 mL of PBS. Three 
hours after the PGEj or a-CD challenge, mice were inoculated with 
E. coli at a dose of 1.0 X 10 8 colony-forming unit (CFU)/mouse (1/5 
I-D30) in 0.5 mL of PBS. After being assessed for serum transaminase 
activity mice were inoculated with E coli at a dose of 1.0 X 10 9 
CFU/mouse (2 X LD 30 ). All injections were performed via intraperi- 
toneal (IP) administration. Blood was obtained by a retro-orbital 
plexus puncture at 3, 8, and 12 hours after E coli challenge, and 
serum levels of TNF-a, interferon gamma, IL-4, IL-10, and IL-12 
P40 were determined at these time points, respectively 

Assay for Serum Alanine A minotransaminase Activity. Liver inj ury was 
assayed by serum alanine amino transaminase (ALT) activity This 
activity was determined using the serum transaminase test kit 
(DlA-latron, Tokyo, Japan). Briefly, 40 uL of the serum sample was 
incubated with 200 uL of L-alanine and -ketoglutaric acid solution, 
respectively, for 30 minutes at 37°C for ALT Twenty minutes after 
jje addition of 200 uL of 2,4-dinitrophenylhydrazine, 2 mL of 0.4 N 
NaOH was added and by visible light absorption was measured at 
5 °5 nm. ALT activities (1U/L) were calculated from the standard 
curve. 



Bacterial Growth in O^fe After infection, peritoneal exudates 
were obtained from the^ntoneal cavity by lavage with 3 mL of 
Hank's balanced salt solution. Serial dilutions of the exudate samples 
were plated to determine the number of viable bacteria. For 
enumeration of counts of viable bacteria in the liver, the liver was 
perfused with 8 mL of sterile Hank's balanced salt solution to wash 
out bacteria in the blood vessels immediately after mice were bled. 
The livers and spleen were removed and separated into sterile 
Teflon-coated homogenizers (Asahi Techno Glass Co., Tokyo, Japan) 
containing 5 mL of cold PBS. After each organ was homogenized 
thoroughly, the bacterial counts in the homogenates were established 
by plating serial 10-fold dilutions in sterile distilled water on tryptic 
soy agar (Nissui Laboratories, Detroit, MI). Colonies were counted 
24 hours later, after incubation at 37°C 

Histological Studies. Livers were removed from control or PGE r 
treated mice 8 hours after infection with £. coli at a dose of L0"X 10 9 
CFU/mouse. The livers were fixed with 10% buffered formalin, 
paraffin-embedded, and stained with hematoxylin-eosin for light 
microscopic examination. 

Preparation of Liver Lymphocytes. Mice were infected IP with E. coli 
at a dose of 1/5 LD50 (1.0 X 10 8 CFU/mouse) in 0.5 mL of PBS on 
day 0. Fresh livers were immediately perfused with sterile Hank's 
balanced salt solution through the portal vein to wash out all 
remaining peripheral blood and then meshed with stainless steel 
mesh. After the coarse pieces were removed by centrifugation at 50g 
for 1 minute, the cell suspensions were again centrifuged, resuspended 
in 8 mL of 45% Percoll (Sigma Chemical Co., St. Louis, MO), and 
layered on 5 mL of 67.5% Percoll. The gradients were centrifuged at 
600g at 20°C for 20 minutes. Lymphocytes at the interface were 
harvested and washed twice with Hanks balanced salt solution. 

Flow Cytometry Analysis. For 3-coIor analysis, liver lymphocytes 
were incubated with saturating amounts of biotin-conjugated and 
purified Abs for 30 minutes at 4°C. Cells were washed twice and 
incubated with fluorescein isothiocyanate-, phycoeiythrin-, and 
Red-613-conjugated Abs for 30 minutes. Cells were analyzed with a 
FACSCalibur flow cytometer (Becton Dickinson, San Jose, CA). We 
carefully gated cells by forward and side light scattering for the live 
lymphocytes. The data were analyzed using FACSCalibur research 
software (Becton Dickinson). 

Cytokine Assays. TNF-a, interferon gamma, IL-4, IL-10, and IL-12 
levels in serum were determined by enzyme-linked immunosorbent 
assay (EL1SA). EUSAs for TNF-a and IL-10 were performed in 
triplicate using PharMingen mAbs according to the manufacturer's 
instructions. ELlSAs for interferon gamma, IL-4, and IL-12 were 
performed using Genzyme mAbs according to the manufacturer's 
instructions (Genzyme, Cambridge, MA). 

Sorting ofCD3 iM 1L-2R0+ and CD3+ IL-2R&- T Celb. The intermedi- 
ate intensity of CD3 (CD3 im ) IL-2R0+ T cells and CD3 + IL-2R3" T 
cells were purified by cell sorting using an FACSVantage (Becton 
Dickinson) electric cell sorter from the harvested liver lymphocytes 
24 hours after E. coli infection. The purity of sorted cells were more 
than 99% (data not shown). 

Expression of Interferon Gamma and IL-4 Genes. Total ~RNA was 
extracted by the acid guanidium-phenol-chloroform method from 
IL-2Rp + and IL-2RP" T cells purified by cell sorting. Complemen- 
tary DNA (cDNA) synthesis and polymerase chain reaction (PCR) 
were performed using a complementary DNA cycle kit (Invitrogen 
Corp., San Diego, CA). Serial dilutions of total RNA were primed 
with 20 pmol of a random primer in 20-uL reaction mixtures for 
reverse transcription. Synthesized complementary DNA were ampli- 
fied by PCR using primers derived from the murine complementary 
DNA. The PCR was performed on a PCR thermal cycler (Takara 
Corp., Tokyo, Japan). PCR cycles were run for 30 seconds at 94°C, 
30 seconds at 54°C, and 30 seconds at 72°C. Before the first cycle, a 
denaturation step for 7 minutes at 94°C was included, and after 25 
cycles the extension was prolonged for 4 minutes at 72°C. The 
specific primers were as follows; IL-4 sense, 5'-CGAAGAACACCA- 
CAGAGAGTGAGCT-3 ' ; IL-4 antisense, 5'-GACTCAT TCATGGTG- 
CAGCTTATCG-3'; interferon gamma sense, 5'-AGCGGCTGACT- 
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FtG. 2. Effect of PGEi on light microscopic changes in livers from mice infected with E. coli. The livers were obtained 8 hours after inoculation of 1 X 10 9 
E. coli from PGE i -treated mice or a-CD-treated mice. (A and B) Liver specimens from PG Entreated mice. (C and D) Liver specimens from a-CD-treated 
mice. (Original magnification [A and C] X 133; [Band D] X400.) 



CD3" IL-2RP + cells, corresponding to NK cells, or 78 T cells 
in the liver between control and PGE r treated mice at any 
stage after E. coli infection. On the other hand, CD3 im 
IL-2R($ + cells, which correspond to NK T cells, 23 ' 26 appeared 
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Pig. 3. Bacterial growth in the peritoneal cavity, liver, and spleen of mice 
infected IP with 1.0 X 10 8 CFU/mouse of E. coli 3 hours after inoculation of 
°-5 mL of PGEi (87.5 mg/kg) in PBS, or the same amount of a-CD in PBS. 
D *ta are representative of 3 separate experiments and are expressed as the 
m can i SD for 5 mice in an experiment. *P < .05 versus the control group 
<°X PGE; (■), a-CD. 



to decrease in number in PGE r treated mice compared with 
control mice at 24 hours after E. coli infection (Table 1). 

To determine the qualitative difference in liver T cells 
between control mice and PGE r treated mice, we sorted T 
cells bearing CD3 inl IL-2R(3 + and CD3 + IL-2R0" from the 
liver mononuclear cells of mice infected with E. coli 24 hours 
previously and examined the expression of messenger RNAs 
(mRNAs) specific for 1L-4 and interferon gamma by means of 
cytokine reverse transcription-PCR. As shown in Fig. 5A, the 
expression level of IL-4 mRNA in freshly isolated CD3 im 
IL-2R(J + T cells from PGE r treated mice was much higher 
than that from control mice, whereas interferon gamma 
mRNA was expressed abundantly by the T cells in control 
mice (Fig. 5A). The expression of IL-4 and interferon gamma 
mRNA in freshly isolated CD3 + IL-2R|5~ T cells remained at 
low levels in both PGE r treated mice and control mice. 

We next examined cytokine production by liver T cells 
from E. cofi-infected mice in response to immobilized anti- 
CD3e mAb. As shown in Fig. 5B, interferon gamma produc- 
tion by liver T cells from PGE r treated mice was significantly 
decreased compared with that by liver T cells from control 
mice 24 hours after E.. coli infection (P < .05). In contrast, 
IL-4 production by liver T cells was significantly increased in 
PGE r treated mice compared with that in control mice (P < 
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Fig. 4. . In vivo effect of PGE t on TNF-ct, IL-10, and IL-12 in serum of 
mice infected with E. coli. PGE| at a dose of 87.5 mg/kg or the same amount 
of ot-CD was injected IP 3 hours before 1.0 X 10 8 CFU of E. coli challenge. 
TNF-ct, IL- 10, and IL- 1 2 levels in the serum were determined by EUSA. Data 
are representative of 3 separate experiments and are expressed as the mean ± 
SD for 5 mice in an experiment. *P < .05 versus the control group. (O), PGE; 
(■), a-CD. 



.05). These results suggested that the CD3 im IL-2R(S + T cells 
in the liver of PGE r treated mice showed a predominant 
Th2-like response after the E. coli infection. 

Effect of Anti-IL-4 mAb or Anti-1L-10 mAb on Liver Injury After 
E. coli Infection, We found that liver CD3 iM IL-2R0+ T cells 
were shifted to Th2 type after PGEi treatment in mice 



infected with E coli 
Th2-like response 



'GEO 



b determine whether the dominant 
Iver T cells is responsible f or t j le 
inhibitory effect of on liver injury after E. coli infection 



mice were injected IP with anti-IL-4 neutralizing mAb 
(11B11) at 3 hours before the E. coli challenge, and serum 
ALT levels were examined. As shown in Fig. 6A, administra- 
tion of anti-IL-4 mAb diminished the inhibitory effect of 
PGE! on E. coli-induced liver injury. We also found that 
administration of PGE! enhanced IL-10 release in the serum 
after E. colt challenge. To further investigate whether the 
increased IL-10 production contributed to the protection 
against E. coli-induced liver injury by PGE b mice were 
injected IP with anti-IL-10 mAb (SXC-1) 3 hours before the 
E. coli challenge. As shown in Fig. 6B, the anti-IL-10 mAb 
treatment decreased the effect of PGEx on the liver injury. 
Taken together, these results suggested that both IL-4 and 
IL-10 are responsible for the protection against liver injury by 
PGEj. 
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DISCUSSION _ 

'i^^^^^^S^^^^^^^M'&flS^s are " 

Here , we show a novel ^ mechahisrii whereby PGEi suppresses 
liver injury after E. coli infection. PGEi treatment shifted the 
ThlyTh2-like balance in liver T cells to a dominant Th2-like 
response, and neutralization of endogenous IL-4 by anti-IL-4 
mAb administration significandy decreased the suppressive 
effect of PGE! on the liver injury. These results suggested that 
a dominant Th2-like response of liver T cells is at least pardy 
responsible for PGE r induced suppression of liver injury after 
E. coli infection. 

Endotoxin/LPS derived from gram-negative bacteria, such 
as E. coli, play an important role in the pathogenesis of liver 
injury associated with sepsis. ' LPS-induced liver injury is 
known to be mediated by excessive amounts of TNF-a and 
interferon gamma production, which induce apoptosis of 
hepatocytes. 22 - 31 1L-12 is known to be a potent stimulator of 
interferon gamma production by NK and T cells, 20 * 32-35 
whereas IL-10 shuts down interferon gamma synthesis by 
these cells, 3637 Consistent with our previous findings with 
PGE 2i 27 PGEi administration suppressed circulating IL-12 
levels, but increased the IL-10 production after E. colt 



Table 1. Effect of PGE! 011 the Absolute Number of Uver Lymphocytes 
After E. coli Infection 



24 Houzs 



36 Hours 



Cell Fraction 



Naive 



PGE, 



a-CD 



PGE, 



a-CD 



CD3 tm IL-2R0 + 

(NKT) 
CD3 + IL-2RP" 

(T) 

CD3~ IL-2R0+ 

(NK) 
aPTcell 
78 T cell 



29.1 ± 4.1 22.8 ±2.8* 35.7 ±33 21.2 ±3.5* 40.6 ± 1.8 

12.2 ± 4.9 25.7 ±3.6 21.0 ±2.5 24.6 ± 4.1 22.8 ± 16 

35.2 ±6.5 35.2 ±5.9 38.9 ±4.8 42.5 ± 7.4 48.1 ±32 
30.8 ± 7.2 38.2 ± 4.7 44.1 ±3.8 37.2 ±7.4 51.5 ±5.9 
7.6 ±23 83 ± 2 .5 10.5 ±3.2 9.8 ±3.2 13.0 ±Z9 

NOTE. Data are expressed as means ± SD (X10 4 ). OH/HeN mice were 
inoculated with 1 X 10 8 CFU/mouse of E. coli 3 hours after PGE t or a-CD 
treatment, liver lymphocytes were obtained at indicated limes after infection 
and the absolute numbers of each population were calculated by multiplying 
the whole numbers by the percentages as assessed by FACS analysis. 

*P < .05 versus the control ot-CD-treated group. 
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Fig. 5. IL-4 and interferon 
gamma production by liver lympho- 
cytes. (A) Expression of cytokine 
rnRNA in liver CD3 ,nl IL-2R(3 + cells 
and CD3 + IL-2RP" cells sorted from 
mice infected with E. coli. Mice were 
infected IP with 1 .0 X 10 8 CFU of E. 
coli (1/5 LD50) 3 hours after the 
administration of 87.5 mg/kg of PGEi 
or a-CD. Twenty- four hours after D 2000 
infection,' CD3 im IL-2Rp + cells and 0 
CD3 + IL-2RP" cells were sorted 
from liver lymphocytes pooled from 
5 mice of each group, and total RNA 
was isolated for reverse transcription- 
PCR. (B) li-4and interferon gamma 
production by liver lymphocytes on 
TCR stimulation. Liver lymphocytes 
(5 X lOVwell) from mice infected 
with E. coli 3 hours after the admin- 
istration of 87.5 mg/kg of PGEj or 
a-CD 24 hours previously were incu- 
bated in anti-CD3e mAb-coated 96- 
well plates for 48 hours at 37°C and 
the culture supernatants were col- 
lected. The cytokine activity in the 
culture supernatant was determined 
for the presence of interferon gamma 
or IL-4 by EUSA. Data are represen- 
tative of 3 separate experiments and 
are expressed as the means of tripli- 
cates ± SD in an experiment. *P < 
.05. 
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challenge. The modulation of inflammatory and anti- 
inflammatory cytokine production may be responsible for the 
suppressive effect of PGEj on liver injury However, unlike 
PGE 2 , TNF-a production in E. coil-infected mice was not 
affected by PGE t pretreatment. We do not know at present 
why PGEi does not inhibit TNF-a production induced by E, 
coli infection. PGEj and PGE 2 equally bind to EP 2 and EP 3 , 
which mediate the inhibitory effect on TNF-a production, 
whereas PGE : binds less efficiently to EP^ which mediates 
Ca 2+ increase. 3 - 38-40 Such differences may be related to the 
different effects of PGE! and PGE 2 on TNF-a production 
following E. coli infection. However, this is only speculation, 



and further investigation is needed to confirm this specula- 
tion. r 

The unique liver T cells CD3= IL-2R3+ T cells are now 
known to correspond to NK T cells. 23 " 2 * NK T cells are found 
in the thymus, 41 liver, 42 and bone marrow, 43 where they 
account for populations of CD4" CD8~ and CD4 + CD8~TCR 
ap cells. A large number of NK T cells express an invariant 
TCR encoded by the Val4 and Ja281 gene segments 23 - 26 and 
are selected by the non-polymorphic MHC class Hike 
surface protein CDld. 23 NK T ce'h in the liver have recently 
been found to be an essential target of IL-12 for interferon 
production and cytotoxicity by sr, NK-like effector mecha- 




hours after infection 

Fig. 6. Effect of anti-IL-4 mAb or anti-IL-10 mAb on inhibitory effect of 
PGEi on E. co/i-induced liver injury. (A) E. coli (1.0 X 10 9 CFU/mouse: 2 X 
LD50) was injected IP 3 hours after administration of 87.5 mg/kg of PGEi and 
10 mg/kg of control rat IgGl Ab, PGEj and 10 mg/kg 0 f anti-IL-4 Ab or a-CD 
in PBS.(O), PGEi plus control mAb; (A), PGE t plus anti-IL-4 mAb; (■), 
a-CD. (B) E. coli (1.0 X 10 9 CFU/mouse: 2 X LD 50 ) was injected IP 3 hours 
after the administration of 87,5 mg/kg of PGEi and 10 mg/kg of control rat 
IgM mAb, PGEi and 10 mg/kg of anti-IL-10 mAb or a-CD in PBS. Sera were 
collected from mice after E. coli challenge and measured for ALT activities. 
Data are representative of 3 separate experiments and are expressed as the 
mean ± SD for 5 mice in an experiment. *P < .05. (O), PGEj plus control 
mAb; (A), PGE t plus anti-IL-10 mAb; (■), a-CD. 



nism. 44 Therefore, it is possible that NK T cells in the liver 
may contribute to LPS-induced liver injury via cytokine 
production and/or direct cytotoxicity against hepatocytes. We 
have recently found that 02-microglobulin _/ ~ or JalSl'^ 
mice were resistant to liver injury induced by Salmonella 
infection, suggesting that NK T cells expressing a canonical 
TCR Votl4/Ja281 may play a critical role in the occurrence of 
liver injury after Salmonella infection. 45 Infection with E. coli 
induces a marked increase in 1L-12 production by macro- 
phages 27 - 46 but administration of PGE l decreased IL-12 pro- 
duction and concurrently inhibited the Thl-like response of 
liver T cells and liver injury after E. colt challenge. Taken 



together, these results strongly suggest that IL-12-activated 
NK T cells in the^fer may play a pivotal role in the 
occurrence of LPS-iiSKed liver injury after E. coli infection, 
and inhibition of the emergence of NK T cells in liver, and 
more importantly, inhibition of the Thl-like response and 
cytotoxic activity of such liver T cells may partly account for 
the inhibitory effect of PGEi on liver injury 

In contrast to liver injury after E. coli infection, bacterial 
clearance after infection was impaired by PGE L administra- 
tion. Inflammatory response, including a Thl-like response, 
is important for control of infection with various patho- 
gens. 47 - 48 Inhibition of the Thl-like response of liver T cells is 
partly responsible for impairment of the host defense against 
E. coli infection in PGE r treated mice. 

A notable finding in the present study is that early IL-4 
production is potentially involved in protection of PGEi 
against liver injury after E. coli infection. Rapid IL-4 secretion 
by NK T cells has been shown in mice treated with anti-CD3 
mAb. 49 * 50 NK T cells rapidly produce large amounts of IL-4 on 
binding of the p2-microglobulin-associated CDld. 23 In the 
present study, IL-4 production was detected in the liver T 
cells stimulated in vitro with immobilized anti-CD3 mAb, and 
it was significantly augmented in PGE r treated mice. Al- 
though IL-4 production was not detected in the serum of 
either control mice or PGE r treated mice after E. coli infec- 
tion, in vivo administration of anti-IL-4 mAb significantly 
decreased the inhibitory effect of ?GE { on E. coli-induced 
liver injury. IL-4 may be secreted in a very small amount, thus 
acting in a narrow intracellular range in the liver. NK T cells 
have been reported to specialize in recognizing glycosylcerami- 
des containing ct-anomeric sugar with a longer fatty acyl 
chain and sphingosine base, which are detected in certain 
bacteria but rarely detected in normal mammalian tissues. 51 
Although it is not known whether E. coli bacteria have the 
relevant antigens, NK T cells may respond to the related 
antigens derived from E. colt and produce IL-4 rapidly, which 
in turn controls inflammatory responses after E. coli infection 
in PGErtreated mice. How can IL-4 protect against liver 
injury? The production of proinflammatory cytokines such as 
IL-12 in monocytes/macrophages is regulated by deactivating 
cytokines such as IL-4, IL-13, IL-10, and traraforming 
growth factor (3.36.37,52,53 \ n f acti our results showed that 
administration of anti-IL-lOmAb diminished the inhibitory 
effect of ?GE l on the liver injury Therefore, it is possible that 
IL-4 in synergy with IL-10 may suppress the macrophage 
activity for production of inflammatory cytokines. Interferon 
gamma is known to be a potent stimulator for Fas-Fas 
ligand-mediated apoptosis and perforin inductionin NK and 
T cells, 54 offering an alternative possibility that early IL-4 in 
synergy with IL-10 may regulate the interferon gamma 
production and cytotoxic activity of NK and T cells, resulting 
in suppression of liver injury induced by E. coli infection. 

Naive Th cells initially stimulated in the presence of IL-12 
and interferon gamma tend to develop into Thl cells secret- 
ing IL-2, interferon gamma, and TNF-(3 for induction of 
cell-mediated immunity characterized by macrophage activa- 
tion and cytotoxic T lymphocyte induction, whereas IL-4 
promotes differentiation of Th2 cells secreting IL-4, IL-5, 
IL-6, and IL-10 for assisting in antibody production. 47,48 Our 
results show that administration of PGEi decreased IL-12 
production, but enhanced IL-10 release in the serum after E. 
coli challenge. The modulation of cytokine production by 
PGE! in the liver may be responsible for the change of liver T 
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cells to a Th-2-like response after E. coir infection. Further- 
more, it has been reported that PGE 2 , tffcell as other agents 
that increase cAMP, inhibits IL-12R|3 expression and conse- 
quently IL-12 responsiveness of T cells. 55 PGE 2 profoundly 
decreases production of 1L-2 and interferon gamma by Thl 
cells but enhances IL-4 production by Th2 cells. 1,16 There- 
fore, it is also possible that PGEi directly binds to receptors 
for PGEs, such as EP 2 and EP 4 , on liver T cells and shifts the 
Thl/Th2 balance to a Th2-like response through enhance- 
ment of intracellular cAMP. . 

In conclusion, PGEi affects liver injury after E. coli 
infection through modulating the Thl/Th2 balance in liver T 
cells. Our data provide an insight into the prophylactic 
approach to control liver injury associated with infection 
with Gram-negative bacteria. 
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Failure of ketoprofen and 
interferon combination therapy 
to improve interferon-resistant 
chronic hepatitis C 

Frank H Anderson MD FRCPC, Lecheng Zeng MD, Eric M Yoshida MD FRCPC, Natalie R Rock RN BSN 



FH Anderson, L Zeng, EM Yoshida, NR Rock. Failure of keto- 
profen and interferon combination therapy to improve inter' 
feron-resistant chronic hepatitis C. Can J Gastroenterol 
1997;11(4):294*297. Preliminary reports suggest that patients 
with interferon (IFN)-resistant chronic hepatitis C respond better 
to a combination of IFN-a and nonsteroidal and- inflammatory 
drugs than to IFN aione. The efficacy of IFN combined with keto- 
profen in the treatment of patients with IFN- resistant chronic 
hepatitis C was evaluated. Seventeen patients, nonresponsive af- 
ter at least six months of treatment with IFN-a2b and subse- 
quently treated with the combination of IFN-a2b plus ketoprofen 
for four months, were studied. Serum aminotransferases (alanine 
aminotransferase [ALT] and aspartate aminotransferase [AST]) 
and serum hepatitis C virus (HCV) RNA were analyzed before 
and throughout treatment. No patient normalized serum amino- 
transferases after combination therapy. There were no significant 
differences in mean serum ALT and AST levels before and after 
ketoprofen intervention. Serum HCV RNA became undetectable 
after treatment in only one patient, but was detectable again three 
months after treatment cessation. These results provide no con- 
vincing evidence that the combination of IFN-a2b with ketopro- 
fen improves the response to IFN in patients nonresponsive to IFN 
alone. 

Key Words: Combination therapy, Hepatitis C, Interferon, Keto- 
profen 



Echec d'un traitement associatif au ketoprofene et 
k Pinterferon dans les cas d'hepatite C chronique 
resistante a l'interferon 

RESUME : Selon des resultats pie^irninaires, les patients soufifranr 
d'hepatite C chronique resistante a ^interferon (IFN) respondent 
mieux a une association d'IFN-a et d'anti-inflammatoires non 
stiroidiens par rapport a I'EFN seul. L'efficacite' de ITFN associe au 
ketoprofene dans le traitement des patients souffrant dTiepatite C. 
chronique resistante a TIFN a £te* evalu^e. Sept patients qui ne 
- repondaient pas apres au mo ins six mois de traitement a l'IFN-a2b et 
par la suite traites au moyen d'une combinaison d'IFN-a2b plus 
ketoprofene pendant quatre mots ont etc" examines. Les 
aminotransferases senques (alanine aminotransferase [ALT] et 
aspartate aminotransferase [AST]) et TARN serique du virus de 
Phepatite C (HCV) ont ete analyses avant, puis tout au long du 
traitement. Les aminotransferases seriques ne se sont normal Lsees chez 
aucun des patients apres le traitement associatif. Aucune difference 
significative n'a ete notee quant aux taux seriques moyens dALT et 
dAST avant et apres Padministrarion de ketoprofene. L'ARN du 
HCV serique est devenu indecelable apres le traitement chez un seul 
patient, mais etait a nouveau decelable oois mois apres la fin du 
traitement. Ces resultats n'offrent aucune preuve concluante que le 
traitement associatif IFN-a2b et ketoprofene ameliore la reponse a 
I'lFN chez les patients qui ne repondent pas a TIFN seul. 
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Over the past few yearsjaterferon (IFN)-alpha has been 
widely used to treat ^^nic infection with hepatitis C 
virus (HCV). A short term response, however, is seen in 
only approximately 40% to 50% of treated patients (1,2), 
and the percentage of patients achieving a long term re- 
sponse is significantly less. In a recent multicentre study only 
22% of patients treated with IFN for 18 months were able to 
maintain a long term response, as reflected by normal serum 
aminotransferase, more than 18 months after discontinuing 
therapy (2). To improve the efficacy of IFN therapy, numer- 
ous strategies employing adjuvant therapy have been pro- 
posed. Medications such as ursodeoxycholic acid and ribavi- 
rin have recently been reported to result in an improved long 
term response rate when administered with IFN (3-5). 

Certain nonsteroidal anti- inflammatory drugs (NSAIDs), 
which act as cyclooxygenase inhibitors, reportedly increase 
the bioavailability of IFN. An in vitro study demonstrated 
that indomethacin amplifies transduction of the IFN postre- 
ceptor signal, leading to an increased biosynthesis of serum 
2'5'-oligoadenylate synthetase, an IFN-induced enzyme 
with antiviral activity (6). As well, an increase in serum 2'5'- 
oligoadenylate synthetase has been observed in patients 
with chronic viral hepatitis following indomethacin admini- 
stration (7). 

Recently, small studies have reported that NSAIDs in- 
cluding ketoprofen can improve the response to IFN in IFN* 
resistant chronic hepatitis C patients (8- 1 0) . In our practice, 
however, we did not observe such a favourable response. We 
thus reviewed our experience using ketoprofen plus IFN in 
chronic hepatitis C patients unresponsive to standard IFN 
therapy. 

PATIENTS AND METHODS 

Office charts of all patients seen in the authors' hepatitis 
clinic were reviewed. Patients with chronic HCV infection 
who failed to have biochemical and virological responses to 
the following treatment were identified: IFN-a2b (IN- 
TRON A, Schering Canada Inc) 3xl0 6 U subcutaneous ly 
three times weekly for at least six consecutive months; then 
ketoprofen (ORUDIS, Rhone-Poulenc Rorer) 100 mg orally 
tid for four months while continuing IFN at the same dose. A 
nonresponse to IFN was defined as failure to normalize serum 
alanine aminotransferase (ALT) and serum aspartate amino- 
transferase (AST), as well as the presence of HCV viremia 
after at least six months of IFN therapy. Any patient who 
had interrupted IFN therapy for any period was excluded 
from the analysis. Any patient in whom ketoprofen was dis- 
continued secondary to adverse side effects before the four- 
month study period was completed was also excluded from 
analysis. 

Diagnosis of chronic hepatitis C was based on persistent 
elevations of serum aminotransferases for at least six months; 
the presence of antibody to HCV (second-generation 
enzyme-linked immunoassay); and exclusion of other causes 
of chronic liver diseases. 

During therapy with IFN alone and with ketoprofen plus 
IFN , serum ALT and AST were monitored monthly accord- 



ing to roi^fc clinic protocol. The monthly mean ALT ai 
AST leveWt all patients were calculated during the initi 
treatment with IFN alone and during the four months of k 
toprofen plus IFN. Serum ALT and AST levels at the end 
IFN therapy and the combination therapy were individual 
compared for each patient. The presence of serum HC 
RNA was determined before initiating IFN therapy and w; 
repeated at three -month intervals throughout treatmen 
The primers for polymerase chain reaction (PCR) were s<. 
lected from the 5'-noncoding region of the HCV genom 
based on a method previously described (11). 

Statistical analysis was by the paired t test to determin 
significance between serum ALT and AST levels after IR 
alone and after combination therapy. The 95% CI leve 
were computed. Data are expressed as mean ± SD when ar 
propriate. 

RESULTS 

From 1994 to 1995, patients with chronic hepatitis C wer 
treated at the authors' hepatitis clinic with ketoprofen plu 
IFN if they failed to improve after at least six months of IFN 
alone. Criteria for enrolment in this combination therapy 
were a well-defined chronic hepatitis secondary to HCV in 
fection, absence of evidence for human immunodeficienc 
virus and hepatitis B infections, and exclusion of othe: 
causes of chronic liver diseases. Twenty-one patients whc 
were unresponsive to IFN alone and who were then treated 
with ketoprofen plus IFN were identified. These patients 
were given the combination therapy without selection in 
any way. 

One patient was lost to follow-up after one month of 
combination therapy, and three others discontinued keto- 
profen secondary to gastrointestinal intolerance after one 
(n=2) or two (n=l) months of use, respectively. None of 
these four patients had normal ALT or AST levels when the 
ketoprofen plus IFN therapy was ended. The remaining 17 
patients completed four months of combination therapy "and 
were included in the analysis. Fifteen patients were treated 
with the combination therapy immediately after failure to 
respond to the six-month IFN therapy. One patient was 
treated with the combination therapy after nine-consecutive 
months of treatment with IFN alone and the other after 1 1 
consecutive months. For these two patients, the six months 
of treatment with IFN alone was matched to that of the 
other 15 by using the ALT and AST levels tested in the last 
six months of treatment with IFN alone. 

Thirteen of the 17 patients analyzed were male. Patient 
age ranged from 40 to 59 years (mean 47). Eleven patients 
had a known parenteral source of infection (ie, blood trans- 
fusions or intravenous drug use); the other six had no identi- 
fiable source. A liver biopsy performed in all patients before 
IFN treatment revealed chronic active hepatitis with piece- 
meal necrosis in five patients, chronic active hepatitis with 
cirrhosis in nine and chronic active hepatitis with bridging 
fibrosis in three. All patients had compensated liver disease. 
Serum HCV RNA was detected in all but one patient before 
IFN treatment. This patient had histology compatible with 
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TABLE 1 

Clinical summary of patientsJJIpre interferon treatment 



Number of patients 
Male:female ratio 
Age range (years) 



17 

13:4 

40 to 59 
(mean=47) 

Alanine aminotransferase (U/L) (mean ± SD)* 152±75 

Aspartate aminotransferase (U/L) (mean ± SD) t 1 1 5±45 

Antihepatitis C virus (+) 17 

Hepatitis C virus RNA (+) 16 

Hepatitis B surface antigen (-) 17 

Antihuman immunodeficiency virus (-) 17 

Other causes of liver diseases 0 
Risk factors of infection 

Blood transfusion 6 

Intravenous drug use 5 

Unknown source 6 
Liver histology 

Chronic active hepatitis only 5 

Chronic active hepatitis with cirrhosis 9 

Chronic active hepatitis with bridging fibrosis 3 
'Normal range: 10 to 55 U/L: r Normal range: 19 to 33 U/L 
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Figure 1 ) Monthly serum levels ( mean ± SD) of the aminotransferases 
(alanine aminotransferase [ALT] and serum aspartate aminotransferase 
[ AST]) ofaRU patients during the treatment period. Norrnal range of se- 
rum ALT is 10 to 55 U/L , and of AST is 19 to 38 UIL . The bar identifies 
the months of ketoprofen intervention 



chronic hepatitis C on liver biopsy (12), although a further 
recombinant immunoblot assay was not done and no other 
causes of chronic liver diseases were found. Mean serum 
ALT and AST of all patients before treatment with IFN 
alone was 167±73 U/L and 115±45 U/L, respectively. Pa- 
tient characteristics are summarized in Table 1 . 



eru^ALT after six months of IFN alone was 
fL^^ge 96 to 198), and after four months of 



Mean ser 
144±33 U/Ll 

ketoprofen plus IFN was 130±33 U/L (range 87 to 202). 
Mean serum AST after six months of IFN alone was 
102±33 U/L (range 70 to 178), and after four months of keto- 
profen plus IFN was 90±19 U/L (range 61 to 122). Serum 
ALT (normal range 10 to 55 U/L) and serum AST (normal 
range 1 9 to 38 U/L) did not normalize in any patient after ke- 
toprofen plus IFN therapy. The monthly mean ALT and 
AST levels for all patients in the entire study period are 
shown in Figure L In the present self-paired study, there was 
no significant difference in either mean serum ALT or AST 
level (P>0.1 for both) before and after the addition of keto- 
profen. The 95% CI for the mean differences in Serum ALT 
and AST levels were -3.7 to 37.5 U/L and 13 to 26.8 U/L, 
respectively. 

Serum HCV RNA remained positive in 15 of the 17 pa- 
tients throughout the 10-month treatment. For the remain- 
ing two patients, serum HCV RNA was not detected before 
and throughout the study in one. In the other, PCR became 
negative after combined therapy, but his serum ALT and 
AST failed to normalize. Three months after discontinua- 
tion of ketoprofen plus IFN, his PCR result was positive 
again. 

A liver biopsy was available in only one patient after ke- 
toprofen plus IFN treatment. Pretreatment histology re- 
vealed cirrhosis with moderately severe chronic hepatitis in 
this patient; however, a repeated liver biopsy one month af- 
ter completing ketoprofen plus IFN demonstrated an un- 
changed histological feature. 

DISCUSSION 

Our results have shown that there is no benefit in using the 
combination of ketoprofen with IFN in patients with 
chronic hepatitis C in whom IFN alone has failed. None of 
our patients, including four who had only one to two months 
of treatment, was biochemically responsive to the combina- 
tion therapy. There was no significant difference in either 
mean serum ALT or AST before and after ketoprofen inter- 
vention. After ketoprofen intervention there was only one 
patient in whom ALT and AST dropped - from 1 77 to 87 U/L 
and from 66 to 50 U/L, respectively. This patient,- however, 
had previously demonstrated a drop in enzymes on two occa- 
sions during treatment with IFN alone (ALT dropped from 
203 to 78 and 79 U/L, and AST from 1 13 to 55and 67 U/L). 
Thus, the enzyme drop observed in this patient may not have 
resulted from ketoprofen. Rather, it may be a feature of fluc- 
tuated aminotransferase in chronic hepatitis C. 

Serum HCV RNA became undetectable in one patient 
after combination therapy; however, his PCR result was 
positive again three months after completing therapy. There 
was, therefore, no long term suppression of HCV viremia in 
any patient. 

Hannigan and Williams (6) originally demonstrated that 
IFN postreceptor signal transduction in vitro may be medi- 
ated via the products of arachidonic acid metabolism, and 
that the cyclooxgenase and lipoxygenase inhibitors enhanced 
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IFN -stimulated response element binding and gene expres- 
sion. Inhibition of cyc^^cygenase and lipoxygenase, the 
two most well known a^J&f the arachidonic acid metabolic 
pathway, may allow more arachidonic acid to be oxidized by 
a third pathway, possibly epoxygenase- mediated, which pro- 
duces an IFN second messenger. Indomethacin, a cyclo- 
oxygenase inhibitor, has been demonstrated by Andreone et 
al (7) to enhance the production of IFN-induced antiviral 
enzymes. 

Ketoprofen, an NSAID with the ability to inhibit both 
cyclooxygenase and lipoxygenase, has been reported in ab- 
stracts, again by Andreone et al (8,9), to have a beneficial ef- 
fect in combination with IFN to treat refractory chronic 
hepatitis C patients who were originally nonresponders to 
IFN alone. Our experience with the paired design reported 
here, however, contrasts markedly with these favourable re- 
sults; we were unable to document a beneficial response, 
either biochemically or virologically. As an NSAID, keto- 
profen has a chemical structure different from indomethacin 
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Tenoxicam, a Non-Steroid Anti-Inflammatory Drug Is Unable 
To Increase the Response Rate in Patients With Chronic 
Hepatitis C Treated by Alpha Interferon 

Jean-Pierre Zars^ — 

Anne Mineuo, TARlQ HICHAM)1 AND Marie-France St Marc G.rardin" 



The purpose of this study is to compare a combination of 
interferon (IFN)-a 2 a (Roferon) + Tenoxicam IFN-a a 
alone in the treatment of chronic hepatitis C This prospec- 
?*e randomized double-blind study included 149 patients 
all of whom were diagnosed with active chronic hepatitis C 
but non-cirrhotic (ALT £ 1.5 upper limit of normal 
anti-hepatitis C virus (HCV) positive by enzyme-linked 
immuno'sorbant assay, and RIBA 3 ). The patients were 
randomized in two groups, as follows: Gl (n - 76). lFNa 2 a 
3 million units times per week during 6 months + placebo, 
and G2 (n = 73): lFNa 2 a 3 million units three times per 
week + Tenoxicam (20 mg/day) during 6 months. Alanine 
aminotransferase (ALT) and HCV RNA were determined 
before and at months 6 and 12 of treatment 2 5 oligoadenyl- 
ate synthetase activity (2'5' AS) was dosed in mononuclear 
cells before and at 3-month treatment intervals in 28 
patients. Liver biopsy was performed before and 6 months 
after the end of therapy. Parameters were similar before 
therapy for both groups. Biochemical and viro ogical re- 
sponses were similar for both groups at month 6 (49.3 h vs. 
42 9% and 43.3% vs. 38.3%, respectively) and month 12 
(28 3% vs. 23.8% and 17.2% vs. 17.5%, respectively). HCV 
RNA level significantly decreased in both groups at month 
6 with no difference whatever the therapy; however, the 
HCV RNA level returned to initial values at month 12 and 
was the only significant prognostic factor of a sustained 
response. No peak of 2'5' AS activity was observed during 
treatment in patients with dual therapy. A histological 
improvement was also noted in both groups without differ- 
ence, regardless of therapy. The percentage of adverse 
events wis identical for both groups. Paracetamol intake 
assessed in 80 patients, was 49.1 g per 6 months in the Gl 
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group and 22.5 g per 6 months in the G2 group (not .significant). 
Si conclusion, the non-steroid anti-iriflamrnatory drug Tenoxi- 
cam does not increase IFNa efficacy in the treatment of chronic 
hepatitis C. This combination is well tolerated and partially 
lowers Paracetamol intake, but not preexisting a-IFN ad- 
verse events. (Hepatologv 1998;27:862-867.) 

Chronic hepatitis C is a common and worldwide cause of 
liver cirrhosis and hepatocellular carcinoma. 1 Interferon 
alpha (IFNa) is currently used for the treatment of chronic 
hepatitis C} A common regimen of 3 million units of 
interferon alpha (IFNa) three times weekly for 24 week i can 
normalize serum alanine aminotransferase (ALT) level in 
40% to 50% of the patients during treatment. 3 ' 4 Nevertheless, 
the sustained ALT and HCV RNA response rates are usually 
inferior to 25%. 4 Finding the optimal treatment to induce 
long-term biochemical and virological remission in patients 
with chronic hepatitis C remains a great challenge. To 
improve the response rate, several investigators attempted to 
administer 1FN in combination with other drugs. An interest- 
ing approach involves inhibition of prostaglandin synthesis 
and activation of arachidonic acid metabolism.' In vitro the 
treatment of cells with IFNa induces hydrolysis of phosphati- 
dylcholine by phospholipase A 2 , which releases arachidonic 
acid Thus, phospholipase A 2 activation occurs as an early 
event in the IFNa response and is selectively involved in the 
activation of a transcription factor complex, as follows: 
IFN -stimulated gene factor three. 6 Arachidonic acid is metabo- 
lized by cyclo-oxygenase into prostaglandins or by hpo- 
oxveenase into leukotrienes. Both prostaglandins, ancUeuko- 
trienes serve as specific second messengers. The inhibition ot 
the cyclo-oxygenase and/or lipo-oxygenase pathways by a 
non-steroid anti-inflammatory drug blocks prostaglandin 
production,' has been shown to amplify the IFN signal, and 
has been shown to increase the concentration of 2 5 ougoaa- 
enylate synthetase (2T AS), which is an enzyme associated 
with the antiviral activity of IFN." In ^f^^J^Z 
small pilot studies, Andreone et al. 910 showed that the 
addition of a non-steroid anti-inflammatory drug (Indometna- 
cin [Indocid; Merck Sharp et Dhome-Chibret, NJ] or Ketopro- 
fen [Profenid; Rhone-Poulenc, Rorer, Paris, Francel) en- 
hanced the efficacy of IFN in some initially nonresponder 
patients. Tenoxicam is a non-steroid anti-inflammatory drug 
and is one of the oxicam derivatives, which is used m the 
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management of inflammatory diseases. Its potency is very 
close to that of indomethacin an^feher oxicams as an 
inhibitor of prostaglandin biosynthesis in vitro. 11 This con- 
trolled, randomized double-blind pilot study was initiated to 
assess and compare the effect and tolerance of a Tenoxicam 
and IFNa combination, with those of IFNot alone in the 
treatment of chronic hepatitis C. 

PATIENTS AND METHODS 

Patients 

One hundred and seventy-one patients were enrolled in a 
multicentric, double-blind trial between 1993 and 1995, according 
to the following criteria: age range between 18 and 60 years; baseline 
ALT above or equal to 1.5 times the upper normal limit level, which 
was reached twice during the last 6 months; hepatitis B surface 
antigen and antibody to human immunodeficiency virus negative; 
antibody to HCV (anti-HCV) positive by enzyme-linked immunosor- 
bant assay 2 and RIBA 3 ; histological chronic hepatitis data through 
liver biopsy taken within the preceding year; and neither prior 
treatment by IFN nor contra-indication to non-steroid anti- 
inflammatory drug therapy. Patients with the following were ex- 
cluded: with histological findings of apparent cirrhosis, neurological 
dysfunction, chronic renal failure, malignancy, active alcoholism, 
and causes of liver disease other than that by HCV; a hemoglobin 
count < 10 g/dL; a platelet count < 75.000/mm 3 ; a granulocyte 
count < 1,500/mm 3 ; and failure to provide written informed 
consent. 

Methods 

Study Protocol Within each center, patients were randomly as- 
signed to be treated with 3 million units of subcutaneous IFNot 2 a 
(Roferon Roche, Basel, Switzerland) three times weekly during 6 
months and Tenoxicam (20 mg/d per os to be taken with a meal for 6 
months) or with a placebo (identical tablets). Group 1 received 
IFNa 2 a + placebo and group 2 received IFNot 2 a + Tenoxicam. The 
patients were monitored for 1 year. Patients were seen monthly 
during the treatment period and for an additional 6-month period of 
follow-up after the treatment was stopped. Compliance was moni- 
tored by evaluating the regularity of attendance at clinical visits, by 
reviewing patient diaries, and by pill count. Paracetamol intake was 
evaluated and expressed as g per 6 months. Adverse events were 
evaluated at each visit. Tenoxicam only was stopped when patients 
developed presumed Tenoxicam-adverse events; on the other hand, 
both IFNot 2 a and Tenoxicam were stopped when patients developed 
presumed IFNot-adverse events. The study protocol was approved 
by the Grenoble Hospital Ethics Committee, Grenoble, France. 
Written informed consent was obtained from each patient before 
enrollment. 

laboratory Assays. Clinical and laboratory assessments were per- 
formed at each visit and included routine biochemical, hematologi- 
cal, and liver function tests. Commonly available enzyme immuno- 
assays were used to determine serum hepatitis B surface antigen, 
human immunodeficiency virus 1 antibodies anti-human immuno- 
deficiency virus 1 (Abbott Laboratory, North Chicago, IL), and 
anti-HCV antibodies (E1A-2 Ortho Diagnostic Systems, Racitan, NJ, 
and Abbott Laboratories). HCV RNA was detected in serum with a 
diagnostic polymerase chain reaction assay (Amplicor HCV™, 
Roche Molecular Systems). HCV RNA was also quantified in the 
pretreatment serum specimens with a quantitative polymerase chain 
reaction method (Amplicor™ HCV and Monitor™, Roche Diagnos- 
tic Systems, Basel, Switzerland). The Monitor™ lower threshhold 
was calculated to be 800 copies/mL. 12 * 14 HCV serotype was detected 
with an enzyme immunoenzymatic assay for antibodies directed to 
peptides encoded by the NS4 region of the HCV genome. These 



peptides are specific j^ero types 1, 2, 3, 4, 5, and 6 (Murex 
Diagnostics, Chatillori^Ptace). The assay is performed in micro- 
wells coated with serotype specific HCV antigen. 15 

Dosage of 2'5' AS Activity. The 2*5' AS activity level was measured in 
28 nonselected consecutive patients treated in one center (13 from 
the Tenoxicam + IFNct 2 a group, 15 from the IFNot 2 a group) on 
peripheral blood mononuclear cells at months 1, 3, 6, 9, and 12. 
Peripheral blood mononuclear cells were isolated from venous 
blood by Ficoll-Hypaque gradient centrifugation. Cells were lysed in 
a buffer containing 0.5% NP40 (10 7 cells/mL). The enzyme assay 
was performed as previously described. 15 Standard incubation 
conditions were as described. Briefly, cell supernatants were first 
incubated with poly (rl). (rC) agarose beads. The washed beads were 
then incubated (2 h at 37°C) in the presence of 50 g/mL poly (rl). 
(rC) in a buffer (pH 8) containing 3 mmoL/L adenosine triphosphate 
and [ 32 P] -adenosine triphosphate. Aiiquots of the bead supernatants 
were spotted on a PEI-cellulose thin-layer plate. After overnight 
chromatography, the spots containing ATP and the 2'5' AS were cut 
out and counted. 

The specific activity of 2'5' AS is defined as 1 U per 10 7 cells (one 
enzyme unit = 1 nmol adenosine monophosphate residues incorpo- 
rated into Ty AS per minutes at 37°C). 16 

liver Histology. Liver biopsy was performed in all patients 1 to 12 
months before treatment. A second liver biopsy was offered to all 
patients at 12 months but was accepted by only 117 patients. 
However, a single independent observer blindly scored all liver 
specimens on 79 patients only. The histological changes of the liver 
were graded by histology activity index of the Knodell scoring 
system 17 and by the Metavir scoring system. 18 Histological improve- 
ment was defined as a decrease of at least one point in the score, for 
histological activity between first and second liver biopsies. 

Assessment of Efficacy. A complete response was defined as those 
patients who developed complete normalization of serum ALT levels 
and whose tests were negative for HCV RNA at the completion of the 
6-month treatment protocol. Sustained response was defined as the 
persistence of normal serum ALT levels and as negative testing for 
HCV RNA, 6 months after the end of therapy. 

Statistical Analysis. Treatment results were based on an intent-to- 
treat analysis, as follows: no patient was excluded after randomiza- 
tion, even in the case of non-compliance or missing data. At least 93 
patients were required to detect a 20% difference in the biochemical 
response between treatments in each group, assuming that with the 
standard treatment (IFNot 2 a), 50% or more of the patients would 
show normal ALT values during the 6 months of treatment (type-I 
error = 0.05; and type-II error = 0.20). The results were expressed 
as arithmetic means (± one SD) and percentages. The non- 
parametric Mann-Whitney test was used to compare qualitative 
variables. Quantitative data was compared with the Student t test. 
Univariate analysis was carried out first to identify the factors 
associated with the complete and sustained biochemical response. A 
multivariate analysis was then used to identify independent factors 
associated with responses. In the stepwise, logistic regression model, 
explanatory variables were those that were significantly rekted to 
responses in the univariate model (P < .05). Univariate and 
multivariate analyses completed with statistical software (SPSS 
statistical software, Statistical Product and Science Solution, SPSS 
Inc., Chicago, IL). 

RESULTS 

Of the 171 patients enrolled in the study, 22 were excluded 
from statistical analysis because of protocol deviation; thus, 
149 patients were eligible for the study. Eleven patients were 
lost to follow-up. At the onset of the study relevant epidemio- 
logical, biochemical, virological, and histological features 
were similar between the 2 groups (Table 1). 
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Table 1. Baseline Characteristics of the Tv^froups of Patients 
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Characteristics 



IFNo^a 
(n = 76) 



NSAlD-lFNa 2 a 
(n = 73) 



General 
Age (yr) 

Body mass index (W [kg)/S [cm] 2 ) 
Gender (M/F) 

Duration since exposure (y) 
Probable exposure (%) 

Transfusion 

IVDA 

Other 

Unknown 
Biochemical and virological 
ASAT (ULN) 
ALAT (ULN) 

Alcaline phosphatases (ULN) 
GGT (ULN) 
Bilirubinemia (umol/L) 
TP (%) 

Ferritinemia (pg/L) 
IgG (grt) 
IgA (g/L) 
lgM (g/L) 

Beta-2-microglobulin 

HCV RNA level (10 5 genomes/mL) 

Serotype (%) 

1/2/3 

4/5/6 
Mixed 

Undetermined 



37.5 ± 11.0 
0.024 ± 0 
50/26 
9.9 ± 5.9 

28.9 
44.7 
25 
14.5 

1.9 ± 1.3 
3.6 ± 2.5 
0.6 ± 0.3 
1.4 ± 1.3 
11.3 ± 10,4 
96-6 
213.1 ± 200.3 
15 r 6 
2 ± 1 
2± 1 

2.2 ± Lit 

3.3 ± 4.6* 

52.9/8.6/17.1 
1.4/1.4/- 
8.6 
7,7 



37.3 ± 9.8 
0.024 ± 0 
56/17 

10.3 ± 6.1 

24.7 
43.8 
34.2 
24.7 

2.3 ± 2.8 
4.5 ± 5.4 
0.7 ± 0.3 
1.7 ± 1.8 

13.4 ± 15,8 
97 ± 11 

252.2 ± 227.3 
13 i 6 

2 ± 1 

1 ± 1 
2.3 X 1.3* 
2.3 ± 2.8§ 

50.8/13.8/20.0 
6.2/1.5/- 

10.0 



Abbreviations: NSA1D, nonsteroidal an ti- inflammatory drug; Ig, immuno- 
globulin; W t weight (kg); S, size (cm); ULN, upper limit of normal. 
*n = 51. 
tn = 54. 
f n = 60. 
§n = 58. 

Biochemical and Virological Response 

The percentage of patients who achieved complete and 
sustained biochemical responses was statistically identical in 
both groups. ALT levels were significantly lower at months 6 
and 12 for both groups. The percentage of patients with 
undetectable HCV RNA by PCR in serum was also similar at 



months 6 and 12 (TablWf The HCV RNA level significantly 
decreased in both groups at month 6 with no statistic 
difference. However, HCV RNA level returned to initial value 
at month 12 for both groups. No significant difference was 
found between the two groups when the percentage of 
normal ALT patients and HCV RNA clearance was compared, 
both during and after treatment. 

Histological Response 

The evolution of histological lesions is presented in Table 
3. A decrease of the Knodell score and of the Metavir index 
"activity" parameter (P < .05) was observed in both groups. 
Within the Knodell score, only the periportal necrosis score 
significantly decreased (P < .05). Other parameters did not 
change. 

was 

The characteristics of patients assessed for 2'5' AS were 
similar in the 2 specific groups (Table 4) . A significant peak of 
2'5' AS activity level was observed only in the lFNot 2 a group at 
month 3 (P < .05). in the IFNa 2 a + Tenoxicam group, no 
difference was observed between day 1 and month 3. A 
relationship was noted between serotype and peak of 2'5' AS 
at month 3. Indeed, 2'5' AS activity level reached 6.23 ± 5.58 
at month 3 in the serotype 1 group (vs. 0.55 ± 2.27 at day 1) 
(P < .05); it reached 2.62 ± 3.16 in the serotype non 1 group 
(vs. 1.47 ± 2.38) (non significant). The 2'5' AS activity level 
returned to its initial value at month 6 and 12, for these 2 
groups. 

Statistical Analysis 

For the univariate analysis, the pretreatment variables 
significantly associated with a complete biochemical re- 
sponse were as follows: normal GGT activity (P = .013); low 
HCV RNA level (P - .04); low body-mass index (P = .009); 
and serotype non 1 (P = .036). Only low HCV RNA (P = 
.002) and serotype non 1 (P = .017) were still significantly 
associated with normal ALT at month 12. The results of the 
multivariate analysis show that the sustained biochemical 
response was associated with only one pretreatment param- 
eter: low HCV RNA (P = .045). 



Table 2. Biochemical and Virological Results in the Two Groups of Patients 



lFNa 2 a (n = 76) 



lFNa 2 a -I- Tenoxicam (n = 73) 



Dav 1 



Month 6 



Month 12 



Day 1 



Month 6 



Month 12 



Normal serum ALT 

ALT level (ULN) (mean ± I SD) 
HCV RNA negative 

HCV RNA level (10 5 Eq Genomes/mL) (mean ^ 1 SD) 



3.6 ± 2.5 
0 

3.3 = 4.6 



35/71 
(49.3%) 
2.0 i 2.6* 
26/60 
(43.3%) 
1.2 - 2.7* 



17/60 
(28.3%) 
2.6 ± 2.4T* 
10/58 
(17.2%) 
3.1 ± 4.5t 



4.5 ± 5.4 
0 

2.3 ± 2.8 



30/70 
(42.9%) 

1.8 ± 1.8* 
23/60 

(38.3%) 

1.9 ± 3.7## 



Abbreviation: ULN. upper limit of normal. 
*P < .001 (between Day I and month 6). 
*P < .005 (between month 6 and month 12), 
tp < .001 (between month 1 and month 12). 
§P < .001 (between month 6 and month 12). 
-P < .002 (between month 1 and month 12). 
s^P < .02 (between month 1 and month b). 
**P < .008 (between month 6 and month 12). 



15/63 
(23.8%) 
2.7 ± 2.4§* 
10/57 
(1 7.5 V 
3.7 ± 5.4" 



Table 3. Evolution of Histological Lesions in the Two Groups of Patients 





• 









IFNot^a — Tenoxicam (n — 




Before 


After 


Improvement* 


Before 


After 


Improvement* 


Knodell score 


Q.O — i.O 


5.7 ± 2. 6+ 


L\J fOJ 


/ .O — J.U 


6.6 ± 3.0t 




Periportal necrosis 


1.9 ± 1.4 


1.4 ± l.lt 




2.1 ± 1.2 


1.5 ± 1.2t 


16 f41 %1 


Focal necrosis 


1.0 ± 0.7 


0.8 ± 0.8 




1 i + no 


1.2 ± 0.9 


8 on 


Periportal inflammation 


J.U — l.U 


2.7 r 1.1 


IT \JjfOJ 


J.U — 1 .u 


2.8 ± 1.0 




Fibrosis 


— v.D 


0.9 ± 0.7 


t u uvoy 




i i + no 




Metavir index 














Activity 


1.5 ± 0.9 


1.1 ±0.7t 


20 (50%) 


1.5 ± 0.8 


1.2 ± 0.7t 


16 (41%) 


Fibrosis 


1.4 ± 0.9 


1.4 ± 0.9 


7 (17.5%) 


1.6 ± 0.9 


1.7 ± 0.9 


3(8%) 



*Percentage of patients with histological improvement of at least one grade. 
tP < .05. 



Adverse Events 

The most common adverse events are presented in Table 5. 
No difference was observed between the two groups for usual 
adverse events of Interferon and Tenoxicam therapy. Twelve 
patients stopped Tenoxicam or placebo + IFNa 2 a treatment 
caused by adverse events (7 in the IFNa 2 a group and 5 in 
IFNoua + Tenoxicam group). Thirteen patients only stopped 
Tenoxicam or placebo (5 in IFNa 2 a group and 8 in IFNa 2 a + 
Tenoxicam group ) because of adverse events. However, two 
patients presented a gastric peptic ulcer requiring omeprazole 
treatment. The number of patients who did not complete 
therapy was similar in both groups; The number of 
paracetamol pills taken during the study and evaluated for 80 
patients was 49 g/6 months in the IFNa 2 a group and 22 g/6 
months in the IFNa 2 a 4- Tenoxicam group (non significant). 

DISCUSSION 

This study shows low rates of sustained response despite 
administration of Tenoxicam to improve treatment outcome. 
The 17% sustained complete response rate in patients with 



Table 4. Main Characteristics of Patients for Whom 2'5' 
AS Was Measured 



IFNaja 
(n = 15) 



IFNttja + Tenoxicam 
*(n = 13) 



Aget 


36 ± 12 


32 i 9 


Gender (M/F) 


10/5 


10/3 


ALT (ULN)t 


5.7 ± 3.5 


6.6 ± 10.1 


Serotype (Number) 






1/2/3 


8/1/3 


6/2/2 


4/5/6 


2/1/1 


3 


Undetermined 


1 




HCV RNAt (10 5 Eq/Genomes/mL) 


2.3 ± 2.9 


2.7 ±3.4 


Knodell scoret 


6.0 ± 2.0 


7.2 ± 1.6 


Biochemical response (%) 






Month 6 


53% 


38%' 


Month 12 


13% 


7% 


2'5' ASt4 






Day 1 


0.67 ± 0.30 


1.13 ± 2,26 


Month 3 


6.08 ± 5.44* 


2.85 ± 3.48 


Month 6 


2.33 T 1.85 


2.19 ± 2.85 


Month 9 


1.17 ± 1.32 


0.49 ± 0.31 


Month 12 


1.09 ± 0.77 


0.82 ± 0.01 



chronic hepatitis C treated by IFN a correlates with previous 
observations on similar patients following IFNot therapy. 3,4 

It has been recently suggested 5,19 that the administration of 
a non-steroid anti-inflammatory drug could increase the in 
vitro response rate in nonresponder chronic hepatitis C 
patients. Until now, only small pilot studies have been carried 
out in nonresponder patients 20 * 22 using various non-steroid 
anti-inflammatory drugs (Sulindac, Indomethacin, and Ptioxi- 
cam). No or partial biochemical response to treatment was 
detectable. T¥ AS serum activity increased, especially during 
the first 2 weeks of treatment. Only one small randomized 
controlled trial was performed in HCV chronic hepatitis 
patients non-responder to IFNa alone. A combination of 
IFNot plus Ketoprofen in comparison with IFNa alone or 
IFNa plus ribavirin 10 was used in this trial. An ALT normal- 
ization was observed in 37% of the cases at months 3 and 4 in 
the IFNa 4- Ketoprofen group as compared to 6% in the IFNa 
group. 

The present study is the first to be carried out on a large 
series of patients and to take into, account both virological 
and histological parameters in addition to biochemical vari- 
ables. The response rate for dual therapy was lower than that 
observed by Andreone et al. 10 and not statistically different 
from that of the IFNa group, however the selected non- 
steroid anti-inflammatory drug, the inclusion criteria, and the 
characteristics of patients at enrollment were different. In- 
deed the non-steroid anti-inflammatory drug used was Tenoxi- 
cam, selected for its pharmacological properties. The drug is 
completely bioavailable after oral intake. Its long half-life 

Table 5. Adverse Events in the Two Groups of Patients 



IFNa 2 a 
(n = 76) 



IFNc^a + Tenoxicam 
(n = 73) 



*P < .05 (between month 3 and day 1). 
tMean ± 1 SD. 
n UL/10 7 cells. 



IFN 






Asthenia 


67 (88%) 


62 (85%) 


Flu-like syndrome 


51 (67%) 


48 (66%) 


Depression 


13 (18%) 


15 (20%) 


Leucopenia 


4(5%) 


1(1%) 


Thrombocytopenia 


1 (1%) 


1 (1%) 


Hypothyroidism 


1 (1%) 


1(1%) 


Other adverse events 


5(7%) 


8(11%) 


Tenoxicam/Placebo 






Epigastric pain 


22 (30%) 


24 (32%) 


Peptic ulcer 




2(3%) 


Diarrhea 


19 (25%) 


23 (32%) 


Skin rash 


18 (24%) 


18 (25%) 
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allows the administration of a sing^Md well-tolerated daily 
dose. Tenoxicam, even though it hz^Porable pharmacologi- 
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ns and angioedema have been Tepdrted'a 
ig VIOXX. VIOXX should not be givenJ J 
e aspirin triad. This, symptom comple" 
l asthmatic patients who experienced I ^ 
lit nasal polyps, or who exhibit severe/M 



j fatal bronchospasn^^r taking aspirin or other 
IDs (see -CONTRAlWRATIONS. andiPRECAU- 
[S, Preexisting Asthma). Emergency help should .be 
it in cases where an anaphylactoid reaction .occurs.. ^ 
■fenced Renal Disease^ »;■--■ l-*. ,-. •'. i ) <, -. ' i 

■Wety information' is available regarding the use of 
TO in patients with advanced kidney disease. There- 
^treatment with VIOXX is not' recommended in these 
[fata. If VIOXX therapy must be initiated, close monitor- 
Ef the patient's kidney function is advisable (see PRE- 
^TIONS, Renal- Effects). ; j ' " " '. : • / 1 ' % ^ )[ 

aoncy • • ' ' * ' ' ' • 

iz pregnancy VIOXX should be avoided because it may 
g premature closure of the ductus arteriosus. ' . ' J * 

jcautions • - m„ .. • 

fee cannot be expected to substitute for corticosteroids 
fe treat corticosteroid insufficiency. Abrupt discontinuar 
Vof corticosteroids may lead to exacerbation of cortico- 
BBd-responsive illness. Patients on. prolonged cortioste- 
ii Iherapy should have their therapy tapered slowly if a 
■BjionUmade to discontinue corticosteroids. •• . . : ■ i 
^pharmacological activity of VIOXX in reducing inflam- 
a, and possibly fever, may diminish the utility of these 
distic signs in detecting infectious complications of pre- 
•d noninfectious, painful conditions. - *- ' ; ' 
p Effects: . - * 1 ■ ' 

feeriLne elevations of one or more liver tests may occur in 
Eb 15% of patients taking NSAIDs, and notable eleva- 
Bof ALT or AST (approximately three or more times the 
limit of normal) have been reported in approximately 
inpatients in clinical trials with NSAIDs. These labors^ 
'f abnormalities may progress, may remain unchanged; 
maybe transient with continuing therapy. Rare cases of 
pre hepatic reactions, including jaundice and fatal fulmi- 
Ekpatitis, liver necrosis and hepatic failure (some with 
il outcome) have been reported with NSAIDs' In con- 
ed clinical trials of VIOXX, the incidence of borderline 
fooos of liver tests at doses of 12.5 and 25 mg daily was 
■curable to the incidence observed with ibuprofen and 
fethan that observed with diclofenac In placebo-con- 
fcd trials, approximately 0.5% of patients taking rofe- 
jb(12.5 or 25 mg QD) and 0.1% of patients taking pla- 
Ibad notable elevations of ALT or AST. : ' 

it with symptoms anoVor signs suggesting liver dys- 
nd, or in -whom an abnormal liver test has occurred; 
ud be monitored carefully for evidence of the develop- 
gi of a more severe hepatic reaction while on ^herapy 
IVIOXX Use of VIOXX is-npt..r^ornine^^^p^tienta 
t^e'ragl^^^^el^^in^^^^^^^^ 
^^^a^^u1sTio^)^IOTnic^ 

ij^d^l^tin'u^^v . '. * - 1 ■ ' " 

^Effects : - " " v. 1 ;"' 

nh administration of NSAIDs has resulted in renal 
necrosis and other renal injury. Renal toxicity has 
kbleen seen in patients in whom renal prostaglandins 
n'a compensatory role" in the maintenance of renal per- 
il In these patients, administration of a nonsteroidal 
aflammatory drug may cause a dose-dependent reduc- 
win prostaglandin formation and, secondarily, in renal 
pdflow, which may precipitate overt renal decompensa- 
tPatients at greatest risk of this reaction are those with 
iired renal function, heart failure, liver dysfunction, 
«M taking diuretics and ACE inhibitors, arid the elderly. 
Imtinuation of NSAID therapy is usually followed by re- 
mkj to the pretreatment state. Clinical trials with VIOXX 
&ly doses of 12.5 and 25 mg have shown renal effects 
ft; hypertension, edema) similar to those observed with 
arator NSAIDs; these occur with an increased fre- 
-..-y with chronic use of VIOXX at doses above the 12.5 to 
fig range. (See ADVERSE REACTIONS.) = :•*;•< ^ 
' on should be used when initiating treatment with 
Kin patients with considerable dehydration. It is ad- 
ide.to rehydrate patients .first, and then start therapy 
KVtOXX Caution is also recommended in patients with 
►existing kidney disease (see WARNINGS, Advanced Re- 

BKsCflSe)..;;^ -. / ; _, t .-.if., . • " I • 

wtological Effects 

^ is sbmetimes seen in patients receiving VIOXX. In 
rtbwontrolled trials, there were no significant difTer- 
m observed between VIOXX and placebo in clinical re- 
^pf anemia; Patients on long-term treatment with 
Hshouldhave their hemoglobin or hematocrit checked 
to$«hibit any signs or symptoms of anemia or blood 
^VIOXX does not generally, affect platelet counts, pro- 
Sbih time (PT), or partial .thromboplastin time (PTT), 
SS« not inhibit platelet aggregation at indicated dos-, 
p(see CLINICAL STUDIES, Special Studies, Platelets). 
^Retention and Edema 
Id retention and edema have been observed in some pa- 
Staking VIOXX (see ADVERSE REACTIONS). VIOXX 
p^dbeused with caution, and should be introduced at 
^Btt.recommended dose in patients with fluid reten- 
pij^pertension, or heart failure. 
hatting Asthma 

jpits with asthma may have aspirin-sensitive asthma. 
iTw of aspirin in patients with aspirin-sensitive asthma 
n associated with severe bronchospasm which can be 
wySince. cross reactivity, including, bronchospasm, be- 
firaspirin and other nonsteroidal anti-inflammatory 
^Wsbeen reported in such aspirin-sensitive patients, 
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VIOXX should not be.admi 
form of aspirin sensitivity an 
in patients with preexisting 
Information for Patients u "? > > . . ^ 
VIOXX can cause discomfortiand, rarely, more serious side 
effects, such as gastrointestinal bleeding, which may result 
in -hospitalization and even fatal outcomes. Although seri- 
ous GI tract ulcerations and bleeding can occur without 
warning symptoms;, patients should be alert for the signs 
and symptoms of ulcerations and bleeding, and should ask 
for medical advice when observing any indicative, signs or 
symptoms. Patients should be apprised of the importance of 
this follow-up (see WARNINGS, Gastrointestinal (GI) Ef-. 
fects—Risk of GI Ulceration, Bleeding and Perforation). . 
Patients should promptly report signs or symptoms of gas- 
trointestinal ulceration or bleeding, skin rash,. unexplained 
weight gain, or edema to their physicians. : ■ - 
Patients should be informed of the warning signs and symp- 
toms of hepatotoxicity (e.g., nausea, fatigue, lethargy, pru- 
ritus; jaundice,- right upper quadrant tenderness, and flu- 
like" symptoms). If these occur, patients should . be in- 
structed to stop therapy and seek immediate medical 
therapy. -.i^-. , : jt ■ 
Patients should also be instructed to seek immediate emer- 
gency help, in the case of an anaphylactoid reaction (see 
WARNINGS). - s .»-- vv : ■_. - ■ : 
In late pregnancy VIOXX should be avoided because it may 
cause premature closure of the ductus arteriosus. ^ 
La6ora£ory;.7fesis .'v, ...,,v, -. -.i* **■ 
Because serious GI tract ulcerations and bleeding can occur 
without warning, symptoms, physicians should monitor for 
signs or symptoms of GI bleeding. .> . < ■ - '•; - ' 
Drug Interactions , . .;■-)■-.: ■ : ■ ' '- • ' :> ";. ."J 
ACE inhibitors: Reports suggest that NSAIDs may diminish 
the antihypertensive effect of Angiotensin Converting En- 
zyme (ACE) inhibitors. In patients, with mild to moderate 
hypertension, administration of 25 mg daily of VIOXX with 
the ACE inhibitor benazepril,;^ to 40, mg for 4 weeks, was 
associated with, an average increase in mean arterial pres- 
sure of about 3 mm Hg compared to ACE inhibitor, alone. 
This interaction should be given consideration in patients 
taking VIOXX concomitantly with ACE inhibitors. ; ,. 
Aspirin: Concomitant administration of low-dose ^aspirin 
with VIOXX may, result in ; an increased rate of GI ulcer- 
ation or other complications; compared to. use of. VIOXX 
alone At steady state, VIOXX 50 mg once daily had no effect 
on the anti-platelet activity of low-dose (81 mg once daily) 
aspirin, as assessed by ex, vivo platelet aggregation and 
serum TXB 2 generation in clotting, blood. VIOXX is not a 
substitute for aspirin for cardiovascular prophylaxis. , 
Cimetidine: Co-administration with high doses of cimeti- 
dihe 1800 mg twice daily] increased the C max of rofecoxib by 
21%, the AUCo-izohr by 23% and thetia by 15% These s ma 1 
changes are not clinically significant and no dose adjust- 
ment is necessary. '* 1 
Digoxin: Rofecoxib 75 mg once daily for 11 days, does not 
alter the .plasma concentration profile or renal elimination 
of digoxin after a single 0.5 mg oral dose, ... . 
Furosemide: Clinical studies, as well as post-marketing ob- 
servations, have shown that NSAIDs can reduce the natri- 
uretic effect of furosemide and thiazides in some patients. 
This response has been attributed to inhibition of renal 
prostaglandin synthesis.. . . - - - 
iTeroco/iazo/e: Ketoconazole 400 mg daily did not have any 
clinically important effect on the pharmacokinetics of rofe- 
coxib. - * . 

Lithium: NSAIDs have produced an elevation of plasma 
lithium levels and a reduction in renal lithium clearance. 
Thus, when VIOXX and lithium are administered concur- 
rently.-subjects should be observed carefully for signs of lith- 
ium toxicity. ' '■* ■ t "" - " A 
Methotrexate: VIOXX 75 mg administered once daily for 10 
days increased plasma concentrations by 23% as measured 
by AUCoJ-uh, in patients receiving methotrexate 7.5 to 15 
mc/week for rheumatoid arthritis. An equivalent magnitude 
of reduction in methotrexate renal clearance was observed. 
At 24 hours postdose, a similar proportion of patients 
treated with methotrexate alone (94%) and subsequently 
treated with methotrexate' co-administered with 75 mg ot 
rofecoxib (88%) hod methotrexate plasma concentrations 
below the measurable limit (5 ng/mL). The effects of the rec- 
ommended doses for osteoarthritis (12.5 and 25 mg) of 
VIOXX on plasma methotrexate levels are unknown. Stan- 
dard monitoring of methotrexate-related toxicity should be 
continued if VIOXX and methotrexate are administered 
concomitantly. . * *• • « 
Oral Contraceptives: Rofecoxib did not have any clinically 
important effect on the pharmacokinetics of ethinyl estra- 
diol and norethindrone. . 
Prednisone /prednisolone: Rofecoxib did not have any clini- 
cally important effect on the pharmacokinetics of predniso- 
lone or prednisone. ..... ~ nn 

Rifampin: Co-administration of VIOXX with rifampin 600 
mg daily, a potent inducer of hepatic metabolism, produced 
an approximate 50% decrease in rofecoxib plasm a concen- 
trations. Therefore, a starting daily dose of 25 mg of VIOXX 
should be considered for the treatment of osteoarthritis 
when VIOXX is co-administered with potent inducers of he- 
patic metabolism. 

Warfarin: Anticoagulant activity should be monitored, par- 
ticularly in the first few days after initiating or changing 
VIOXX therapy in patients receiving warfarin or similar 
ogents, since these patients are at an increased risk of 
bleeding complications. In single and multiple dose studies 
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month studies) **W^^£Sti 
experienced "^^d^ Appwrimatoly 40% of these 
days after vitiation of dosiag. app . d them t0 be free 
5,285 patienU were »^ d * s d ™^ Thus it is unclear if 
of ulcers by *°*^^£&£e of the general popu- 
this study P°P u ; atl °^ n VL r m studies required to compare 

SS^^^S^ caution in P a- 

„al bleeding. Most ^f^^^^nd therefore special 
are in elderly or deb.l ^ted P at > e ^? pula tion. To mini- 
care should be » '"^Xeree £ event, the lowest 

%£o use NSAlDs have a grea te than ^ rf these 

developing a GI ^J^f^toUxy of ulcer disease 
risk factors. In addition to a paw * dentified seve ral 

pharmacoepidemiological stud es na ^ m&y 

other ^™?Vo7bSe^K: treatment with oral 
crease the risk for GI Wading lantS( i on ger dura- 

corticosteroids, treatment with ant «» 0 ider age, and 

tion of NSAID therapy, smoking, aicono! 
poor general health status. 

Anaphylactoid Reactions anaphylactoid reactions have 
As with NSAlDs m general i(jr exposU re to 

occurred in patients without P rare cases of 

CELEBREX- In P^^^f^^ema have been re- 
anaphylactoid reactions and a "|°^ EX . CELEBREX 
ported" in patients giving Cg^B™ triad . This 
should not be given to I ast hmatic patients 

symptom complex typicaUy occurs i ^ polyps or 

who experience £ a i bronchospasm after 

^XEESZSS^^ - anaphylac ' 

toid reaction occurs. 

Advanced Renal Disease^ _ . the use of CELE- 

No information is ""^^^^ diwa^ T1«re^ 

PRECAUTIONS — Renal EEFects). 

Pregnancy ' _ _ w be avoided because it 

In late pregnancy CELEBR^^ sn arte riosus. 
m ay cause premature closure ™ t tne t with 

Familial Adenomatous reduce the risk of 

CELEBREX in FAP has »^ b ^ | J^ f % ) Kyta C llc colec- 
gastrointestinal cancer or the *%£ ere H f ore . the usual 
omy or other FAP-related su^J ^ tha 

care of FAP ^^■•■J^J'SSbbSc. In particular, the 
concurrent «^n-trrt«n of CELEBH ^ 

surgeries should ,nqt be delayed. ; 

PRECAUTIONS . , . ~ fi t d ^ su bstitute for 

General: CELEB R E*^ 

corticosteroids "JP^?*™^^ V ay lead to exacerbation 
discontinuation of corticostero ^ may^ ^ ^ )onged 

of corticoste«W-«spo^ 2eir therapy tapered 

corticosteroid therapy should have t corticosteroid s. 
slowly if a decision is made to ^continu ^ 
The pharmacological ^^C^B^ ^ rf 
ftammation, and possibly *^£*? nfertioil9 complications | 
these diagnostic -^J^S conditions, 
of presumed nomn J eC ^° U 1 3 ;rX vations 0 f one or more liver 
Hepatic Effects: ■ Borde ^ ^^Snto taking NSAlDs, 
tests may occur in up to 15% at pa xima t ely three 

and notable elevations or ^ \ ^ yB been repor ted 

ormor.tim«th8upp«bDM^n™ 1 ^ wRh 

in -PP^^^KBaliUea may progress, 
NSAlDs. These * Bb "f°7^y be transient with contmu- 
may remain unchanged, or may o reaction3> includ- 

ing t^rapy. Rare ^nt^**.. Uver necrosis 

ing jaundice and fatal fulmina . n , outcome ) have been re- 
and hepatic failure (some w ^f^ELEBREX. (See AD- 
ported with NSAlDs, ^^^^erienca.) In con- 

, ; trolled clinical ^ rf^^S^CELEBBBX and IB* 

. ■! line elevations of live *^*T"£ Q 2% . of patients taking 

^ffi?^ ™ nota " 

r |i ble elevations of ALT and AST 8UR gestihg;iiyer.dys- 



„ena. Effects-. WJ™ 

resulted in renal P a P' U £» n "™ S in patients in wh.«W 
Renal toxicity ^ also been seen >n P ^ ^.^BB. 

prostaglandins have aco mi»n8a ' ? ttdmin istrat.on 

nance of ^^^nfatory drug may cause a dose- 
ofanonsUr 0 .dal ant>- nllamma y formation and, sec- 
dependent reduction ' n P™ S Xh may precipitate overt re 
onaarily, in rona bloody low ™ ™ ^ risk of this reac 
nal decompensation. PatienU at gr ^ 

tion are t ho5 ^ w,th ' m rtaWng diuretics and ACE inh.b> 
liver dysfunction, those taking aiu ^ D ^rapy is 

and the elderly. BtaU. Clin- 

usually sho«n renal effects mu-. 

Caution should be ^jf^SteS* fdehydraUon, It is 

~e <eee WARNINGS-Ad- 

vanced Renal Disease) sometimes seen in pa- 

Hematological EHec^ ^ em ^ controUed cMnic al trials the 
tients receivmgCELEBRb^in CELEBREX and 0.4% 
incidence of »«™ a ** B n t®*ter» treatment with CELE- 
with placebo. Patients ? n / on S «™ or hematocrit checked 
BREX should have their n-^m^ hema^ ^ 
if they exhibit any signs . ot ^eympto ^ ^ 

loss. CELEBREX does , not ^genera y tune 
prothrombin time (PT), .or pa aggregation at 

(PTT), and does not »W« ar ^;^cAL STUDIES-Spe^al 
indicated dosages (bee v.^^ 

Studies— Platelets). pl id re tention and edema 

hypertension, or heart Mu* h may haye aspi- 

Preexisting Asthrn.: ^'^Xpirin in patienU w.th as- 
rin-sensitive asthma. "Tile use ot v a with ? eve r e 

pirin-sensitive "thma h «s bee n reactivity, .n- 

bronchdspasm «h.ch^n befoul^ ^ oth nonste 

eluding b ™ nchospa8 a T„™ 1r^s" h ^ been rep0rted 'K SU t 

xttvsss^T**^ with preeli8t ' 

ing asthma. F dtiex can cause discom- 

.nformation lor p " ,e "V; io S effecte. such as gastroin- 
fort and. rarely. •^. 8 f in hospitalization and 
testinal bleeding, which : ™ay res « V ^ derations 
even fatal outcomes. Although ^« e ™ in B ^, ptom s. patients 
and bleeding ^? Be Sy^^^«» of ulcerations 
should be alert for the signs ar.d vnp^ ^ ^ 
and bleeding, and should asx i Patients should 

serving any indicative signs ^™ Movl _ ap (see WARN- 

\^^°To^^^ B,eeding and 

Patni^uldpromp^^^ 

weight gain, or edema to their pnys ^ symp . 

Patients should be informed ofthe ^wa™ 
toms of hepatotox.city na^ea I ^ emess ^ -fl u . 

KSttS" ^ - ik — te, medical 

therapy. • " *w,rt^d to seek-immediate emer- 

^t^ d t^^ reaction (s " 

may cause premature - lyp05is (FAP) should 

Patients with <^**^C not been shown to reduce 
be informed that CELEBKfcA n d or th e 

CELEBREX. : G , tract ulcerations 

Laboratory Tests: ^^Vf.^f^ing symptoms, physi- 
and bleeding cari occur v,.tho«t wa™ g y ^ ^ 

eians should raon.tor for signs ^or symp 
During the controlled ^»^ t ™*J_^ deceiving celecoxib 
foddence ^W^^J^^^M a"nor- 
compared with patienU^ pl^ 0 ^ ^ pati ents re- 
mal ities that ^^Ssphatemia, and elevated 

established. 

S25f5ST d P rugs° STXown . inhibit 2C9 should 
be done with caution. : ■■ although not a sub- 

In vitro studies indicate P4 50 2D6. Therefore, 

strate. is an inhibitor of ^"^^ "interaction with 
there is a potential for an in vivo as 
d^gs that are metabolized ^^^^b. m ay dimin- 
^^weXfof Wolnsin Converting 
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